This paper presents a new approach for classifying transient phenomena in power transformers, which may be implemented in digital relaying for transformer differential protection. Discrimination of various operating conditions of the power transformer is achieved by combining wavelet transform with Adaptive Neuro Fuzzy Inference system (ANFIS). The wavelet transform is applied for the analysis of the power transformer transients, because of the ability to extract information from the transient signal simultaneously in both time and frequency domain. ANFIS is used because this technique provides a method for the fuzzy modeling procedure to learn information about a data set, in order to compute the membership function parameters that best allow the associated fuzzy inference system to track the given input/output data. This learning method works similarly to that of neural networks.
INTRODUCTION
Power transformer is one of the most important classes of hardware in the electric power system, and the transformer protection is an essential part of the overall system protection strategy. The design of protective relay has to consider various nonlinear effects, which may cause malfunction of the relay equipment. The most common method of transformer protection utilizes the percentage differential relay as the primary protection, especially when speed of fault clearing is considered important. Discrimination among internal fault, magnetizing inrush current and over excitation is recognized as a challenging power transformer protection problem. It is earlier noted that the second harmonic is almost ideal for determining whether a large current is due to initial inrush or due to sudden fault [4] . The conventional technique based on second harmonic restrain has the complexity in distinguishing between internal fault, inrush current and over excitation thereby affecting transformer stability [5] . Therefore alternative improved protection technique based on transient detection is highly desired for accurate and efficient discrimination. Recently fuzzy logic technique [3] , [4] , [16] has been applied for power transformer protection. Conventionally, the employed feature extraction techniques are based on either time or frequency domain signals, not both time and frequency features of the signals [6] , [16] . But this is very important for accurately discriminating different operating conditions of the power transformers.
The wavelet transforms is relatively and powerful tool in the analysis of power transformer transient phenomena because of its ablilty to extract information from the transient signals simultaneously in both time and frequency domain.Recently wavelet transforms have been aapplied to analyse the power system transients as well as fault location and detection problems [10] ,[16].
WAVELET TRANSFORMS
Wavelet Transform (WT) is a scalable windowing technique .The adjustable window size allows the use of long time intervals when more precise low frequency information is desired and short time interval "s" when desiring high frequency information. Figure 1 illustrates the WT of a time series signal. Wavelet analysis adopts the concept of scale link between scale and frequency .It breaks the signals into shifted scaled versions of the original wavelet as compared to Fourier analysis, where signals are broken into sinusoids of different frequencies instead. In addition to that, the technique uses a time scale region instead of a time frequency region. 
Discrete Wavelet Transform (DWT)
Discrete wavelet transforms (DWT) makes use of dyadic scales and positions. That means, scales and positions are based on powers of two. The DWT is capable of producing coefficients of fine scales for capturing high frequency information and coefficient of coarse scales for capturing low frequency information .DWT is commonly used technique that is applied for signal compression .The reason for popularity is its ability to set a large portion of the coefficients to zero without any substantial loss of information .In addition, if more properties other than the stationary properties of a signal are desired, DWT would definitely be a better option as compared with the traditional technique of FT.
One stage Filtering: Approximation and Details
For many signals, the low frequency content is the most important part. It is what gives the signal identity. .In the wavelet analysis, there are approximation (A) and Detailed (D) coefficients. The approximation coefficients are the high scale, low frequency component of the signal. The detail coefficients are the low scale, high frequency components of the signal. Figure 2 illustrates the filtering process, at its most basic level. The original signal, S passes through two complementary filters to obtain detailed and approximation coefficients. The actual lengths of the detail and approximation coefficient vectors are slightly more than half the length of the original signal. This has to do with the filtering process, which is implemented by convolving the signal with a filter. The convolution "smears" the signal, introducing several extra samples into result.
Figure2. One Stage Filtering

Introduction to Wavelet Families
There are several wavelet families with different scaling functions. Some of them are Harr, Daudechies, Coiflets, and Symlets etc. Of all these families Daubechies family makes discrete wavelet analysis practicable because of its ability of detecting even low level, short duration and high frequency transients.
ADAPTIVE NEURO FUZZY INFERENCE SYSTEM
The basic idea behind these neuro-adaptive learning techniques is very simple. These techniques provide a method for the fuzzy modeling procedure to learn information about a data set, in order to compute the membership function parameters that best allow the associated fuzzy inference system to track the given input/output data. This learning method works similarly to that of neural networks. The Fuzzy Logic Toolbox function that accomplishes this membership function parameter adjustment is called ANFIS. The ANFIS function can be accessed either from the command line, or through the ANFIS Editor GUI. ANFIS is much more complex than the fuzzy inference systems discussed so far, and is not available for all of the fuzzy inference system options. Specifically, anfis only supports Sugeno-type systems, and these must have the following properties:
Be first or zeroth order Sugeno-type systems.
Have a single output, obtained using weighted average defuzzification.
All output membership functions must be the same type and either be linear or constant. Have no rule sharing. Different rules cannot share the same output membership function, namely the number of output membership functions must be equal to the number of rules. Have unity weight for each rule. An error occurs if fuzzy inference system (FIS) structure does not comply with these constraints. Moreover, ANFIS cannot accept all the customization options that basic fuzzy inference allows. That is, membership functions and defuzzification functions, cannot be made by the user, but the user must use provided in the toolbox.
The modeling approach used by ANFIS is similar to many system identification techniques. First, hypothesize a parameterized model structure (relating inputs to membership functions to rules to outputs to membership functions, and so on). Next, collect input/output data in a form that will be usable by ANFIS for training. Then use ANFIS to train the FIS model to emulate the training data presented to it by modifying the membership function parameters according to a chosen error criterion. In general, this type of modeling works well if the training data presented to ANFIS for training (estimating) membership function parameters is fully representative of the features of the data that the trained FIS is intended to model. This is not always the case, however. In some cases, data is collected using noisy measurements, and the training data cannot be representative of all the features of the data that will be presented to the model.
THE PROPOSED SCHEME
This paper presents a novel technique to accurately monitor and discriminate among various (normal, magnetic-inrush, phase to ground fault in primary and secondary , phase to phase fault in primary and secondary, three phase fault in primary and secondary)operating conditions of the power transformer. The proposed scheme detects the fault and issues a trip signal by combining wavelet transform with ANFIS. .In this proposed method, the wavelet transform is firstly applied to decompose the current signals of power transformer system into a series of wavelet coefficients, each of which covers a specified frequency band. Thus the time and frequency domain features of the transient signals are extracted .Then ANFIS is designed to classify various operating conditions of the power transformer.
Simulation of Operating Conditions
A suitable transformer model is required to characterize the different operating conditions of power transformer. A transformer model can be viewed as a functional approximator; it provides terminal behaviour of power transformer under various situations. Such a transformer is modeled using SIMULINK (in MATLAB 7.0 version). This model allows a simulation of faults and other disturbances that can lead to a false operation of the power system protection
Operating conditions considered are:
Normal Magnetizing inrush current (Due to transformer energization). phase to ground fault in primary and secondary phase to phase fault in primary and secondary three phase fault in primary and secondary For instance the simulated waveforms obtained for a 25MVA, 110/11KV power transformer using SIMULINK for the above mentioned operating conditions are considered for the proposed scheme. Figure 4 . Simulated primary three phase current waveforms for inrush current When the transformer is energized the transient inrush of magnetizing current flowing into the transformer, may be as great as 10 times the full load current and it decays relatively slowly. This is bound to operate differential protection of the transformer falsely. The magnitude of this current is a function of remnant flux in the transformer core and the instant on the voltage cycle when it is switched on. This condition has been simulated in MATLAB, by energizing transformer at the instant of zero crossing of input voltage, while its secondary is kept open, and the simulated output primary current signal has been obtained is shown in figure 4. 
Normal Operating Condition
Magnetizing inrush current
Phase to ground fault in primary
This condition has been simulated by creating phase to ground fault to the primary side of the power transformer. And the fault current obtained is shown in figure 5 . 
Phase to ground fault in secondary
This condition has been simulated by creating phase to ground fault to the secondary side of the power transformer and the fault current. and the simulated output primary current and secondary current signal has been obtained is shown in figure 6 . 
Phase to phase fault in secondary
This condition has been simulated by creating phase to phase fault in the secondary side of the power transformer with fault in phase a and c. The primary and secondary current signals obtained are shown in figure 8 . 
Three phase fault in secondary
Primary side current of the transformer 
Processing of Simulated signals using Wavelet Transforms
In the proposed scheme for power transformer protection the wavelet transform is applied to decompose the discrete values obtained from power transformer modeling for various operating conditions into a series of wavelet coefficients. The wavelet family used for decomposition is Daubechies. The detailed signal is extracted for further analysis for discrimination of various operating conditions. Differential current signals are obtained from the primary and secondary three phase current signals obtained from the SIMULINK modeling. A program is developed in Matlab 7.0 version for converting the differential current signals into discrete form. Then for that discrete form, wavelet transforms is applied for decomposition. Then the detailed coefficients of Db1 with resolution level 1 are fed into the ANFIS as inputs and the output values are tabulated. In the same manner, detailed coefficients of Db1 with resolution level 2 are also fed into the ANFIS as inputs and the output values are tabulated. Similarly detailed coefficients of Db2 to Db10 with resolution level 1 to 4 are also given as inputs to ANFIS individually, and the results are tabulated(Appendix I). Thus detailed coefficients of Db1 to Db10 Daubechies wavelet families are obtained from resolution level 1 to 4 and results are analyzed to determine the suitable optimum case.
Design and Development of ANFIS
The processed wavelet coefficients of the differential current signals of phase a, phase b and phase c obtained through simulation and wavelet transform decomposition are fed to the ANFIS as inputs. The output of the ANFIS is to discriminate various operating conditions considered and to indicate them. The input data for the training of the ANFIS are the processed detailed wavelet coefficients of three phase differential currents. The membership function selected initially for analysis is triangular membership function. Triangular membership function is the simplest membership function, and hence it is selected. Three numbers of membership functions are considered for analysis. The complexity of the structure of ANFIS increases above this number and hence this is considered.
In this proposed work eight operating conditions are considered. 
Training and Testing of ANFIS
The hybrid learning is considered for training the ANFIS. The training data is set using Db1 to Db10 individually from 1 to 4 resolution level .For each case average error is calculated and tabulated (Appendix I) for all the operating conditions considered.
Experimentally the training data is set with four columns. The first three columns constitute the inputs (Detailed coefficients of phase differential currents). The last column is the desired output. The desired output may be one of the eight conditions namely normal, magnetic inrush, phase to ground fault in primary , phase to ground fault in the secondary, phase to phase fault in primary , phase to phase fault in secondary, three phase fault in primary and three phase fault in secondary. A constant value is selected as the output. For instance, if the condition is normal then the output is set as 0.125(1/8).The same procedure is set for all other conditions. After preparing the training data set, the training data are named as DATA to DATA 7 for the operating conditions (Normal, Inrush, PGP, PGS, PPP, PPS, THP and THS) considered respectively. The ANFIS results are converged in three epochs itself.
RESULT ANALYSIS
To select the best choice of the wavelet decomposition the average error is calculated for the DB1 to DB10 from level 1 to level 4. After level 4 "the no of data is smaller than number of modifiable parameters" gets displayed, and hence the analysis is carried out from level 1 to level 4. The average error for the output and the training data are calculated from the GUI of ANFIS editor and it is tabulated in Appendix 1.It is inferred from that when the ANFIS developed used the extracted detailed coefficients of DB1 filter, level 1resolution decomposition, as inputs, it has less average error when compared with all other decomposition levels. Hence it is selected for further analysis. Table 1 gives the average error for the proposed scheme when it is using DB1 filter with resolution level 1 of decomposition which is considered as the best choice for the discrimination of various operating conditions of the power transformers in this study.
CONCLUSION
In the proposed work, a new algorithm for discriminating, different operating conditions in a power transformer is proposed. The proposed algorithm combines the use of the Wavelet transforms and ANFIS. Wavelet breaks up the time domain into long time intervals at high frequencies, and hence allows for an efficient discrimination of the signal .The wavelet transforms are used for extracting different features of the currents. ANFIS is applied for the classification of transient phenomena. The simulations were performed applying the SIMULINK MATLAB 7 version tools. The simulation results demonstrate the success of the proposed algorithm, as it clearly discriminates the various operating conditions. Thus the proposed scheme efficiently distinguishes the various operating conditions in a power transformer and may be implemented in digital relaying for transformer protection.
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